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. , ( ,
) , ( , , BEC)
. , 2 ,
, , , $p_{\Gamma},$ $p_{B}$ , Pcl
$E_{\Gamma},$ $E_{B},$ $E_{c1}$ , ,
$p_{\Gamma}>p_{c1}>p_{B}$ , $E_{\Gamma}>E_{c1}>E_{B}$ (2.1)
(BEC , , $p_{B}$ $E_{B}$





( , ) 1). , (2.1)
, $\epsilon_{p}=ap^{k}$
$(a>0, k>0)$ $pV=(k/d)E$
3). , $P,$ $V,$ $E,$ $d$ , , , . ,






$Z_{\Gamma}(N)= \frac{1}{2\pi i}\oint\frac{1}{\lambda^{N+1}}\prod_{j}(1+\lambda e_{j})d\lambda$ ,
$Z_{B}(N)= \frac{1}{2\pi i}\oint\frac{1}{\lambda^{N+1}}\prod_{j}(1-\lambda e_{j})^{-1}d\lambda$ ,










. , $Z_{\Gamma B}(N)$ , $Z_{\Gamma}(N)$ $Z_{B}(N)$
“ ’‘ ,
$Z_{FB}(2)=0$ , $Z_{\Gamma B}(N)>0$ $(N\geq 3)$ (2.5)
. ,
$Z_{B}(N)=Z_{\Gamma}(N)+Z_{D}(N)$ , $Z_{B\Gamma\backslash }(N)=(N!-2)Z_{\Gamma^{\tau}}(N)+Z_{B\Gamma,D}(N)$ (2.6)
. , $Z_{D}(N),$ $Z_{B\Gamma,D}(N)$ $(Z_{D}(N)>0$ ,
$Z_{B\Gamma,D}(N)>0)$ . , , $N$ , $Z_{D}(N)$
, BEC . $Z_{\Gamma,B,\Gamma B}’$
.
$=-\partial Zp_{:}B,\Gamma B/\partial\beta$ ,
$E_{c1}= \frac{Z_{\Gamma}’(N)+Z_{B}’(N)+Z_{\Gamma B}’(N)}{Z_{\Gamma}(N)+Z_{B}(N)+Z_{PB}(N)}$ (2.7)
. , $:\%>0(i=1,2, \cdots n)$ , $a_{1}b$ $ka_{2}$
$a_{n}^{L}b$ & $\cdot$n’ o ,
$R_{\min} \leq\frac{b_{1}+b_{2}+\cdot.\cdot.\cdot.+b_{n}}{a_{1}+a_{2}++a_{n}}\leq R_{\max}$ (2.8)
95
. , $E_{\Gamma}>E_{c1}>E_{B}$ .
, , $N=2$ , $Z_{c1}(2)=Z_{\Gamma}(2)+Z_{B}(2)$
. $N\geq 3$ , (2.4) .
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$\sum_{j=1}^{\nu}(p_{j}-eA)^{2}=\frac{1}{\nu}(P-\nu eA)^{2}+\sum_{j=1}^{\nu}(\frac{1}{\nu}P$ $p_{j})^{2}$ (3.1)
,
$\sum_{j=1}^{\nu}$ Oz $-eA)^{2}= \frac{1}{\nu}(P-\nu eA)^{2}+\frac{1}{\nu}\sum_{\langle ij\rangle}^{\nu}(p_{i}-p_{j})^{2}$ (3.2)
, $p_{j}$ $j$ , $A$ ,
$P= \sum_{j=1}^{\nu}p_{j}$ ( ). (3.3)
, $V= \sum_{\langle ij\rangle}U(r_{i}-r_{j})$ $\mathcal{H}$
$\mathcal{H}=\frac{1}{2m}\sum_{j=1}^{\nu}p_{j}^{2}+\sum_{(1j\rangle}U(r_{i}-r_{j})$ (3.4)
, , (3.1) (3.2) ,
. ,





1) , ( , 2000 , 1994 )
2) M. Suzuki, in “Statistical Mechanics, Quantum” (Encyclpedia of Appl. Phys.
Vol.19 (1997) 517-540).
3) M. Suzuki, Int. J. Mod. Phys. $B16$ (2002) 1749.
4) C. Kittel, Quantum theory of solids (New York, Wiley, 1963).
4) , 2005 12 6 (
) .
6) M. Suzuki, in preparation for publication.
7) T. Toyoda, Prog. Theor. Phys. 114 (2005) 1153.
97
